INTRODUCTION
============

Patients with brain damage may be unaware of the deficits that contribute to their impaired performance in activities of daily living ([@B1]). This may be because of a lack of awareness of the involved limb (anosognosia) ([@B2]), the limb acting on its own and lacking voluntary control (alien hand syndrome) ([@B3]), and the feeling of having an extra limb (supernumerary phantom limb or SPL) ([@B4]). The term \'phantom limb\' (PL) is used to denote the syndrome in which a patient experiences the vivid illusion that an amputated extremity is still present. The phantom limb phenomenon has been reported not only in amputees, but also in patients with deafferentation due to lesions at various levels of the neuraxis ([@B5]). PL arising from nervous system damage, not amputation, was termed SPL or phantom third limb to denote \"the illusory feeling of a limb in an attitude which does not conform to the actual posture of the paralyzed limb\" ([@B4], [@B6]). SPL resulting from cerebral lesions are considered to be rare ([@B7]). Miyazawa et al. ([@B8]) reported only 20 cases of SPL resulting from stroke or cerebral hemorrhage in the last 70 yr. SPL may be caused by lesions in the right or left cerebral hemisphere ([@B9]) but has been reported more frequently after right hemispheric stroke ([@B10]). No localized brain lesions for SPL and phantom limb pain (PLP) have been clearly established nor has SPL with PLP after left pontine hemorrhage been reported. We now report two atypical cases of SPL with PLP in two patients with pontine hemorrhage.

CASE DESCRIPTION
================

Case 1
------

A 53-yr-old right-handed woman who was a housewife was hospitalized in our department on December 30, 2008 after presenting an altered mental state. Her medical history included hypertension, coronary heart disease, and an old lacunar infarction. A neurological examination revealed consciousness disturbances, motor aphasia, right hemiparesis, superficial and deep sensory disturbances, and right-side neglect. Computed tomography (CT) scans obtained at the time of admission revealed an area of left pontine hemorrhage measuring 1.0 × 2.5 cm ([Fig. 1A](#F1){ref-type="fig"}). Two months after admission, CT scans demonstrated that the high-density area in the left pons had completely disappeared ([Fig. 1B](#F1){ref-type="fig"}), and the patient scored 25 out of 30 on Mini-Mental State Examination (MMSE). Her score on the NIH Stroke Scale (NIHSS) was 11, and 24 on the Modified Barthel Index (MBI). She had hemianopia, left facial palsy, and right hemiparesis showing grade poor on manual muscle test (MMT) for right upper limb and grade fair on MMT for right lower limb, and a visual analogue scale (VAS) result of 50 mm for the right limbs with paresthesia. She was totally dependent on others for daily living tasks because of right side weakness. At that time, she was able to name her body parts correctly, and there was no evidence of other delusional beliefs or hallucinations.

The patient repeatedly started to report that she felt the presence of another set of right upper and lower extremities protruding from her right shoulder and knee. When asked about how she knew about these arm and leg on February 25, 2009, she said that she could not see them but feel them with her extremities, and could draw her phantom limbs ([Fig. 2](#F2){ref-type="fig"}). She believed that the phantom limbs did not belonged to her, and did not know why she had phantom limbs. She did not have pain on her original extremities, but complained of a squeezing and burning pain in her SPLs, and a VAS of the phantom pain was 80 mm. The SPLs started to be felt on a daily basis and she could not move her SPLs voluntarily. Her PLP increased during night while lying in bed, and she received occupational, cognitive therapy and medical treatment. She was started on 300 mg gabapentin per day, and increased the dose by 300 mg per day every 3-4 weeks. She did not respond to a 3-month treatment with 1,200 mg of gabapentin, and the VAS result was 70 mm on May 26. Her condition gradually improved by changing to a course of high-dose pregabalin (lyrica® 150 mg per day), the VAS was 50 mm on June 22, and 30 mm on July 20. Her belief of having a third leg and associated PLP disappeared on August 17. The belief of having a third arm with associated PLP persisted throughout her year-long stay in hospital, and her symptom was relieved on April, 2010.

Case 2
------

A 51-yr-old right-handed man was hospitalized on August 27, 2009 because of a sudden onset headache and diplopia, and was admitted under neurological intensive care at another hospital during the acute phase. At that time, he had right hemiplegia, diplopia, and elevated blood pressure. There was no history of diabetes, hypertension, epilepsy, psychiatric or neurological illness. Initial CT scans at the time of admission revealed intracerebral hemorrhage involving the left pons ([Fig. 3A](#F3){ref-type="fig"}). About 20 days after the onset of weakness, his symptoms persisted and underwent hematoma evacuation on September 15, 2009 ([Fig. 3B](#F3){ref-type="fig"}).

The patient was admitted to our department on January 6, 2010 because of residual weakness, paresthesia in right side of body. A neurological examination at admission revealed hemianopia, right hemiparesis with grade fair on MMT in right upper limb and grade good on MMT in right lower limb, and superficial and deep sensory disturbances with 60 mm on VAS in right upper limb and 30 mm on VAS in right lower limb. He scored 28 out of 30 on MMSE which indicated below average orientation and memory recall. His score on the NIHSS was 7, and 45 on the MBI.

The patient started making remarks about a paralysed right upper limb on January 13, 2010. He noted that \'the other limb is attached to my right shoulder, and this is not my limb\', complained daily about tingling sensations and a burning pain both in his original arm and phantom limb, with VAS was of 50 mm and 70 mm. He also noted that his phantom arm never moved spontaneously, and when the right arm was passively moved, the SPL also moved. He could feel the SPL but not visualize the movements of the SPL. Pregabalin (lyrica®) was started with a bedtime dose of 75 mg, and increased to 150 mg per day a week later. His symptoms gradually improved with a course of high-dose pregabalin along with occupational and cognitive therapy, the VAS was 30 mm and 50 mm on January 27, and the VAS was 10 mm and 20 mm on February 9. He was discharged from hospital on February 11, and the belief in his SPL and PLP disappeared at the 1-month follow-up examination on March 17.

DISCUSSION
==========

SPL highlights the brain mechanisms of consciousness ([@B11]). The hypotheses for the cause of this phenomena range from psychological to organic. However, previous studies have shown that PLP is not a function of emotional adjustment ([@B12]). Halligan et al. ([@B13]) and Halligan and Marshall ([@B14]) have reported normal cognition and psychological profiles in patients with SPL. This suggests a possible organic cause for the reported SPL. The patients reported here had the classic features of SPL, and persistent burning PLP. The phantom perception was vivid, recurrent, and stable (i.e., the description did not change over time). The patients were mentally alert with good cognitive function, and there was no lack of insight for neurological deficit or its consequences.

Most cases of SPL are accompanied to a variable degree by both sensory and motor impairment. The incidence of SPL may be determined more by motor than sensory loss ([@B10], [@B13]). Therefore, spastic hemiparesis may be involved in SPL. The anatomical and functional integrity of the non-dominant parietal lobe and other brain structures and sensory feedback from the peripheral nervous system seem essential for bodily awareness (body schema). Disruption of any of these structures may result in the perception of phantom sensations ([@B5]). SPLs were first reported in patients with parietal lobe lesions ([@B4]). However, it subsequently became clear that other brain areas, including the thalamus ([@B8]), supplementary motor area ([@B15]), and motor cortex ([@B10]) contribute to the conscious perception of body schema.

The reason why SPL phenomenon is more commonly associated with right rather than left hemispheric stroke is still unclear. The right hemisphere appears to be involved in monitoring somatic states with a primary role in processing somatic representation ([@B11]), and is dominant in maintaining the internal representation of the body state ([@B10]). The attentional network may also be controlled by the right hemisphere ([@B16]). Furthermore, the incidence of right thalamic hemorrhage is significantly higher than that of left thalamic hemorrhage ([@B17]).

Previous cases of SPL on the right side of the body involved no precise description of sensory disturbances ([@B18]) or sensory disturbances less severe than anesthesia ([@B19]). In our case, severe anesthesia to superficial and profound stimuli was present; therefore, whether any sensory disturbance is characteristic of SPL remains unknown. The SPLs in our case illustrates some possible causative factors of SPL among patients with left hemispheric stroke, including lesions located in the pons. This is the first report of SPLs after left pontine hemorrhage, and the SPL and PLP lasted longer than cases described in past studies ([@B1], [@B6], [@B9], [@B13]). SPLs can be underreported that detailed exploration into body image is not part of standard clinical assessment. In addition, the perceptions reported were not only brief and transient but also often regarded by many of the participants as inconsequential amidst the overwhelming clinical realities of stroke ([@B20]).

In conclusion, the findings of these cases suggest that SPL may be more common than previously reported ([@B6], [@B13], [@B14]), and brain localization for SPL and PLP should be further evaluated. Therefore, thorough examinations are essential for the care of stroke patients and their sequelae.

![Initial and follow-up computed tomography of the brain. (**A**) CT scans of the brain at the time of the first admission showed the left pontine area of hemorrhage measuring 1.0 × 2.5 cm. (**B**) CT scans of the brain at 2 months after the first admission showed encephalomalatic change of the left pontine area.](jkms-26-844-g001){#F1}

![Self-representation of the supernumerary limb drawn by the patient. The abnormal upper limb emerged upside the original limb, but the abnormal lower limb was not clearly drawn.](jkms-26-844-g002){#F2}

![Initial and follow-up CT scans of the brain. (**A**) CT scans at the time of the first admission showed the left pontine area hemorrhage of 1.8 × 1.8 cm in size. (**B**) CT scans of the brain at 20 days after the first admission showed that the hematoma had been evacuated.](jkms-26-844-g003){#F3}
